Using model selection technique based on predictive ability criterion in Vector Autoregression (VAR) framework to identify the 'best' model for growth, trade and wage inequality this paper examines the causal relations between these variables in Bangladesh between 1971 and 2000. There is some evidence of bi-directional causality between growth and inequality and between trade and growth. That growth causes trade and that trade causes inequality are two more robust results. Furthermore, investment is found to lead trade and the terms of trade between agricultural products and manufacturing products is found to cause all three variables of interest.
Introduction
The development paradigm that many developing countries have embraced in recent years has raised concerns and questions regarding the potential effects of trade liberalization -which has been one of the mainstays of this paradigm -on growth and income distribution in those countries. While its advocates aggressively argue that trade openness enhances growth, they are less vocal about how it affects income or wage distribution. Bangladesh, in its quest for growth, has joined this group of countries by switching from an import-substituting inward-oriented policy regime towards a more liberalized trade and market oriented regime. In over three decades of its independence, Bangladesh has witnessed growth in per capita real GDP, in volume and value of trade, and also an increase in income inequality.
1 It is not clear if these three are interrelated and, if so, what is the exact nature of their causal relations. There are theoretical arguments that encompass almost all possible causal relationships between these variables. However, trade, growth and income/wage distribution in a country may be dynamically so intertwined that it requires scrupulous empirical analysis to disentangle their mutual causal relations. This paper is an attempt in that direction with special reference to Bangladesh.
Bangladesh, immediately after its independence in 1971, adopted import-substitution based inward-oriented economic policies. With a leading role accorded to the public sector, these policies entailed extensive government controls through investment 1 Between 1971 and 2000, real GDP grew almost 3 times which translates into a growth rate of per capita real GDP of slightly over 30 percent. During the same period, the volume of trade (measured by exports plus imports at constant prices) grew almost 23 times. For a detailed account on the growth of GDP and trade, see Ahmed and Sattar (2004) . The evidence on income distribution is controversial. While the World Bank Deininger and Square Data set indicates a decline in inequality, the data set compiled by the University of Texas Inequality Project indicates a rise in income inequality. Some recent studies (e.g. Khan and Sen (2001) and Wodon (2000) ) have shown that income inequality has risen in the nineties. recognized the need for greater efficiency and international competitiveness, faster growth of export-oriented industries, reduction of regulation and control along with tariff rationalization, a liberalized market-based competitive structure, disinvestment of public sector enterprises and coordination of industrial and export policies. 2 The actual shift to a more liberal trade policy regime in Bangladesh has however been gradual.
From a theoretical point of view, trade liberalization is likely to allocate resources to those areas where Bangladesh has comparative advantage, which in turn will promote specialization and growth. It will also accelerate investment by allowing access to bigger markets, permitting scale economies, and encouraging imports of cheaper capital goods and intermediate inputs. Trade openness rewards a country's relatively abundant factor of production -unskilled labor in Bangladesh -by augmenting real wages. This will most likely improve the income distribution in Bangladesh. However, this prediction should be taken with a pint of salt. If trade involves all unskilled labor intensive industries then only the wage gap between skilled and unskilled workers is likely to be reduced. But if only one or two industries benefit from trade then the wage gap between traded and non-traded industries may worsen.
While there have been a few studies that assess the impact of trade liberalization on economic growth in Bangladesh, to the best of our knowledge there has been no study that examines the relationship between trade and income/wage distribution in that country. Among the macro studies, Siddiki (2002) , Ahmed (2003) , Hossain and Karunaratne (2004) and Mamun and Nath (2005) find evidence of positive impact of trade on economic growth. Love and Chandra (2005) , on the contrary, find evidence of causality running from growth to exports in short-run as well as in long-run. Using micro data, Salim (2003) finds little evidence of a positive impact of trade and other economic liberalization measures on productivity growth among manufacturing industries in Bangladesh. Ahmed and Sattar (2004) , however, attribute growth and poverty reduction in recent decades largely to trade liberalization in Bangladesh. They examine both aggregate and disaggregate data to find that the faster pace of trade liberalization in the 1990s has much larger impact on growth while reduction in poverty has slowed down during that period.
They ascribe this trend in poverty reduction to slowing down of employment and real wage growth. Accelerating growth in output and slowing down in poverty reduction also indicate that the income distribution has worsened. This accords well with the findings of other empirical research on poverty and inequality in Bangladesh (for example, Khan and Sen (2001) ).
There are a few empirical studies that examine poverty and inequality in Bangladesh. Muqtada (1986) examines demographic pressure, land ownership, and impact of High Yielding Variety (HYV) technology as some of the probable determinants of increasing poverty and income inequality. Khan (1990) observes high inequality in agriculture which he attributes to interaction among institutional, technological and demographic factors. He argues that such inequality is a hindrance to poverty alleviation and sustained economic growth. In a study that explores the connections between environmental damages, inequality and poverty in Bangladesh, Khan (1997) argues that a policy that encompasses environmental quality control may help enhance the poverty reducing effects of growth. None of these studies, however, examines the relationship between trade liberalization and income inequality. One limitation for such an endeavor to be undertaken could be the lack of reliable data on inequality in Bangladesh. A cursory look at widely-used World Bank data (Deininger and Square Data set) on income inequality in Bangladesh makes one suspicious about the quality of the data. We, however, use a measure of inequality of wages across four major sectors of the economy: agriculture, fishery, construction and manufacturing. Since trade liberalization has evidently benefited some of the manufacturing industries in Bangladesh it is expected to have some favorable impact on manufacturing wage, widening the sectoral wage gap.
Thus this paper is an attempt to examine the causal relations among trade, growth and wage inequality in Bangladesh using time series data. inequality is a more robust result of our analysis.
The rest of the paper is organized as follows. Section 2 discusses data and describes the variables. We discuss the empirical methodology in Section 3. The results of our empirical analysis are presented in the fourth section. We also present the results of our sensitivity analysis that includes three different experiments. The next section summarizes and concludes.
Data
The data used in this paper have been obtained from various sources. The National Income Accounts data are available from the Statistical Database of the United Nations.
In particular, we obtain annual data on real GDP per capita, gross fixed capital formation, percent of GDP and the average real exchange rate has been about 8 taka per U.S. dollar.
In panel B of Table 1 , we break down the sample period into 3 sub-periods and present averages of the variables for these periods. As suggested by Hossain and Alauddin (2005) , the time until 1982 can be called the pre-liberalization period; the post liberalization period can be further divided into two phases: the transition phase that extends from 1983 until 1991 -during which liberalization policies were gradually introduced; and the phase since 1991 when further liberalization -particularly in trade policies -was rigorously introduced and implemented. Average growth rate, trade ratio and investment are much higher in the third phase. Average inequality in the third phase did not change much from the second phase though it was higher than average in the first phase. Inflation came down substantially in the nineties. On an average, agricultural products were relatively more expensive in the post-liberalization period and the terms of trade is continuously deteriorating against agriculture. The real exchange rate has been continuously rising.
Figure 1 plots growth, trade and inequality. All three series were more volatile during the seventies and part of the eighties. Bangladesh frequently experienced negative growth rates of real GDP per capita during the seventies. Since 1981, the growth rate has been positive and has in fact been steady in the nineties. We observe substantial increase in trade during the nineties. Wage inequality steadily decrease during the later half of the seventies, fluctuates during the eighties and has been slowly but steadily rising during the decade of nineties. This pattern is consistent with the findings of some of the previous studies (for example, Wodon (1999 Wodon ( , 2000 and Khan and Sen (2001) ) that have
shown that inequality has risen in Bangladesh in recent times.
Empirical Methodology
There has been repeated emphasis on the use of out-of-sample forecasting performance of models for testing for Granger causality. 5 Since our objective is to investigate the causal links between growth, trade and inequality in Bangladesh, we resort to predictive ability criteria of model selection and use the results to determine the directions of causality.
6
The use of the Vector Autoregression (VAR) framework also allows us not to subscribe to any particular theory on potential links between these variables, and thus to accommodate a wide range of theoretical possibilities. Furthermore, because model specification is always an important issue in empirical studies, we start with a very general specification of the VAR model including all potential variables (also those for which data are available) and consider all possible and relevant model combinations of those variables. Thus, we adopt a 'general-to-specific' approach to empirical model building.
7
The first step in any empirical investigation involving time series is to examine the stochastic trending properties of the variables under consideration, and it entails conducting unit root and cointegration tests. We carry out Augmented Dickey-Fuller (ADF) test to find out the order of integration for each relevant series. Thus, for each series we start with the most flexible specification of the test equation that includes an intercept and a trend:
where z is the variable under consideration, α 0 represents the intercept term, t is the time trend, Δz s are the augmented terms, p is the appropriate lag length of the augmented terms and ε is the white noise error term. The ADF test is essentially the test of significance of the coefficient γ in the above equation. In order to select the lag length p, we start with a maximum lag of 3 and pare it down to the appropriate lag by examining the Schwarz Information Criterion (SIC).
8 If we do not find the intercept and the trendboth or one of them -to be statistically significant at 10% significance level, we drop the insignificant term(s) and re-estimate the test statistics.
If we find that two or more of our three variables of interest, namely, growth, trade and inequality, are of same order of integration -the order being 1 or above -we also conduct cointegration tests by estimating "vector error correction" (VEC) models of the following form:
where y is an n ×1 vector of variables -z being a typical variable of this vector; β 0 is a n × 1 vector of constants; γ is a n × 1 vector of coefficients of time t; B(L) is a matrix polynomial in the lag operator L and ν t is a vector of innovations in period t.
, is a n × 1 vector of "error-correction" terms defined as in Engle and Granger (1987) . r is the rank of the cointegrating space, and is estimated using standard maximum likelihood procedures. The lag length is selected using the SIC.
In order to examine the causal relationship between growth, trade and inequality we form real-time predictions for each of these variables using models that contain variables from the set described above. We then assess the relative predictive ability of alternative model specifications. We begin with the most general specification that includes all 8 variables discussed above and pare it down to models with at least any two of the three variables of interest: growth, trade and inequality. In particular, we estimate models of the form represented by equation (2) with appropriate lag length and cointegrating rank.
However, if the variables are I(1) processes but not cointegrated, or are I(0), then the VEC model (2) simply reduces to an unrestricted VAR with variables in their stationary forms. Thus, if the series have unit roots, they will be differenced before estimating the VAR. If, however, they are I(0) then the variables will be used in levels.
The sample is split into two periods with length S and P respectively such that T = S + P where T is the size of the full sample. We first estimate the model with first S observations. A one-step ahead forecast of Δy (or of y if y is I(0)) for period S+1 is then constructed. Note that we calculate the forecasts only for growth, trade and inequality though the VAR system will include equations for other variables as well. We then augment our sample with one new observation, re-estimate the model, and form a second real-time one-step ahead forecast of each of the three variables for period S+2. This process is continued until the entire sample of T observations is exhausted, and we are left with a sequence of P one-step ahead forecasts. We then construct a sequence of realtime forecast errors as follows
where Actual t is the actual value of the variable in period t and Forecast t is the one-step ahead forecast of the variable in period t. These forecast errors are used to construct the Mean Squared Forecast Error (MSFE) as follows:
A comparison of MSFEs across model specifications for each of the variables (e.g.
growth, trade, inequality) will allow us to choose the best model: the model with the lowest MSFE will be the best model for a variable of interest. Once we choose the best models for each of growth, trade and inequality, we can determine the directions of causality between them by looking at the variables included in the best models. 
Empirical Results

Stochastic Trending Properties of the Variables
Model Selection and Direction of Causality Based on Out-of-Sample Predictive Ability
In this section, we present the results of our empirical analysis on how we select the best models to explain growth, trade and inequality respectively. We also use these results to determine the direction of causality between these variables.
We present the Mean Squared Forecast Errors (MSFE) for each of the three variables of interest: growth, trade and inequality, calculated from a sequence of one-step ahead forecasts constructed by using VAR models in Table 3 . Column (2) through (4) Thus, we find evidence of bi-directional causality between growth and inequality. It is difficult to speculate on one particular explanation for such relationship. Growth may have affected inequality through trade. However, it is not clear how wage inequality may 10 We further restrict the model specifications by requiring inclusion of at least two of the three variables of interests. Thus when we estimate the models with only 2 variables there are only 3 choices. 11 We choose 1 lag for the estimation of our VAR models. Ideally, we would like to choose the appropriate lag length using information criteria (e.g. Schwarz Information Criterion (SIC) or Akaike Information Criterion (AIC)). But given the length of our sample period and the no. of variables that are included in some of our model specifications, we do not have enough degrees of freedom. Therefore, for parsimony we use 1 lag across all model specifications. 12 We also compare these best models with simple AR(1) model using (2000), we use unity as the 5% critical value. We find that the best models outperform the simple AR model in all three cases. have affected growth in one direction or the other. A glance over the data reveals that there are substantial fluctuations in growth of per capita real GDP during the first few years of our sample period. Our results may have picked some of those noises, thus making it hard to interpret.
The results further demonstrate that inflation and real exchange rate are important determinants of growth and trade. Given that inflation was quite high during the 70s and the 80s and there were some fluctuations in real exchange rate it is not surprising that they affected growth and trade. Investment growth appears to be important for trade.
Trade policies aimed at promoting exports and reducing import barriers may have encouraged increased investment, which in turn has contributed to increased volume of trade. Since trade is concentrated in only a few items in Bangladesh, it requires more disaggregate level studies to explore the relationship between investment and trade. 13 Interestingly, terms of trade between agricultural products and manufacturing products appears to be an important explanatory variable for all three variables of interest. It may be noted that though agriculture has been the largest contributor to GDP, the relative importance of manufacturing has increased over the years. Furthermore, as we have seen before, agricultural products have been relatively more expensive since the mid-1980s.
These trends may have indicated the structural change that has taken place in Bangladesh over the years. However, an investigation of how growth and trade may have been affected by these changes warrants much closer and detailed look at demand and supply conditions in these two broad sectors as well as in their component industries and any general conclusion based on our results will be far fetched.
Sensitivity Analysis
In this section, we conduct three different experiments to examine the robustness of our results. The first experiment involves using a shorter forecast horizon of 5 years to estimate the MSFEs. Second, we use export-ratio (exports as a share of GDP) and importratio (imports as a share of GDP) separately instead of trade ratio. Finally, we estimate VAR models using all observations in our sample, and conduct conventional Granger causality tests to examine pairwise causal relationships between the variables of interest.
Model Selection and Direction of Causality Based on Out-of-Sample Predictive Ability Using 5-year Forecast Horizon
During the decade of the nineties -particularly after the announcement of the Industrial Policy of 1991 -Bangladesh has achieved growth rates persistently higher than ever. By excluding observations from that period in our estimation of forecast errors at least for Furthermore, terms of trade between agricultural products and manufacturing products is still an important determinant of growth and trade.
Export and Import separately
Bangladesh is a net importer. Although the share of imports is larger than the share of exports, the export share has grown over the years. Since one of the mainstays of trade policies in Bangladesh has been to promote exports and special measures have been adopted for providing incentives, most previous studies (Begum and Shamsuddin 1998 , Mamun and Nath 2005 , Love and Chandra 2005 focus on the relationship between exports and growth. As we discussed in the beginning, the results have been mixed.
There are several channels through which exports may interact with growth. By facilitating production of those items -in which the country has comparative advantage, for a bigger market it not only enhances efficiency but also facilitates imports of state-ofthe-art capital goods and intermediate inputs by removing the foreign exchange constraint. Specialization and trade may also affect the income/wage distribution in the country.
In order to examine how increased exports in Bangladesh have interacted not only with growth and inequality but also with imports, we now replace the variable: trade with export and import and, thus, the set of relevant variables is now expanded to include 9 variables in total.
14 With these variables we can have a maximum of 320 possible models that include at least 2 and at most 9 variables. We estimate the VAR models, and calculate the MSFEs for growth, export, import and inequality using 10-years of forecast errors. The summary results that show the best models for each of these four variables based on minimum MSFEs are reported in Table 5 . As we can see, the main findings of this experiment are as follows. First, bi-directional causality between growth and inequality still holds. Second, there is bi-directional causality between growth and exports (in difference) as well. This is interesting because most previous studies find unidirectional causality either from exports to growth or from growth to exports. However, the sample period, the data frequency and the empirical methods of those studies are different from ours. Furthermore, exports and imports cause each other. This may be interpreted as evidence in support of the foreign exchange constraint argument for export promotion. Third, inflation is important not only for growth and two components of trade (i.e. export and import) but also important for inequality. Finally, while real exchange rate appears to be an important determinant of growth and imports, investment (in difference) is important only for imports. Also, interestingly, imports and the fiscal variable seem to play a role in determining inequality.
Conventional Granger Causality Test Results
We also conduct more conventional Granger Causality Tests based on in sample estimation of relevant VAR models to further investigate the relationships among growth, Granger causes growth' (more than half of the time), followed by 'inequality Granger causes growth' (almost half of the time). There is some evidence to support 'growth Granger causes trade' and 'trade Granger causes inequality' (one sixth of the time in each case). However, there is little evidence of inequality causing trade.
Concluding Remarks
Using model selection technique based on predictive ability criteria in Vector Autoregression (VAR) framework to identify the 'best' model for growth, trade and wage inequality this paper examines the directions of causality between these variables in Bangladesh between 1971 and 2000. There is some evidence of bi-directional causality between growth and inequality and between trade and growth. That growth causes trade and that trade causes inequality are two more robust results. Furthermore, investment is found to lead trade and the terms of trade between agricultural products and manufacturing products is found to cause all three variables of interest.
From the policy perspective, the results seem to suggest that while trade liberalization is going to affect growth, the policymakers should pay attention to its affect on income/wage distribution. However, to derive more concrete policy implications we need to focus on more exact nature of the relationship between trade and growth and between trade and income distribution. Furthermore, investigation of disaggregate level industries will also help us come up with more specific policy suggestion. Our future research would like to address those issues. Notes: The Mean Squared Forecast Errors (MSE) based on GDP growth equations, trade equations and inequality equations from VAR models as specified in the first column are reported in column (2) through (7). The MSFEs in column (2) through (4) are calculated from a sequence of 1-step ahead forecasts constructed from the relevant VAR models for last 10 years of the sample period. In each column, the bold entry denotes the model which has the lowest MSFE among the candidate models, and hence indicates the model with the "best" predictive ability. Trade as % of GDP
